Study Design Systematic review and meta-analysis. Objective Anterior cervical diskectomy and fusion (ACDF) is an effective surgical option for patients with cervical radiculopathy, myelopathy, or deformity. Although ACDF is generally safe, dysphagia is a common complication. Despite its high incidence, prolonged postoperative dysphagia is poorly understood; its etiology remains relatively unknown, and its risk factors are widely debated. Methods We searched MEDLINE, Scopus, Web of Science, and Embase for studies reporting complications for cervical diskectomy with plating. We recorded dysphagia events from all included studies and calculated effect summary values, 95% confidence intervals (CIs), Q values, and I 2 values.
Introduction
Anterior cervical diskectomy and fusion (ACDF) has been shown to yield positive clinical outcomes in patients with cervical radiculopathy, myelopathy, or deformity.
1,2 Although ACDF is generally safe, dysphagia is a common complication.
3,4
In fact, some authors consider some degree of dysphagia an inevitable outcome after ACDF rather than a complication.
5,6
Despite its high incidence, prolonged postoperative dysphagia is poorly understood; its etiology remains relatively unknown, its treatment largely unexplored, and its risk factors widely debated.
3,7-10 Several potential causes have been suggested, including the thickness of the cervical plate, prevertebral soft tissue swelling, and significant esophageal retraction, but the literature demonstrates limited evidence for each proposed etiology. [11] [12] [13] [14] [15] [16] [17] Because of its multifactorial nature, few authors have explored ways of preventing or treating dysphagia. 10, [18] [19] [20] [21] Furthermore, a wide array of patient and intraoperative factors-age, sex, body mass index, operative time, number of surgical levels, among others-have been studied as possible risk factors with inconsistent findings across multiple studies.
14, 15, 17, 19, [21] [22] [23] [24] [25] Variation also exists in the incidence of dysphagia reported after ACDF, with various studies yielding estimates ranging from 1 to 79%. 3, 6, 19, [23] [24] [25] [26] [27] [28] [29] This variation, in part, may be attributed to the retrospective nature of many of these studies. As such, they are subject to surgeon recall and bias. 20 Of note, Edwards et al found a poor correlation between surgeon records and patient surveys for dysphagia, indicating that its incidence may be underreported in retrospective studies. 20 Variation in the reported incidence of dysphagia among different studies may also result from patient evaluations occurring at different times following surgery. 30 Although dysphagia may persist for months or years, the symptoms are typically transient. 29, 31 Thus, the time of evaluation and follow-up influences the rate of diagnosis. A variation in the incidence of postoperative dysphagia also arises in part from the lack of standard criteria for its diagnosis and measurement. Although there is no universally accepted instrument for objectively assessing dysphagia after ACDF, the most widely used method is the Bazaz Dysphagia Score. 23, 32 The Bazaz Score grades a patient's dysphagia as none, mild, moderate, or severe based on its frequency and the kinds of foods that precipitate the dysphagia. 19 It was subsequently modified into a 10-point scale assessed over 4 nonconsecutive days. Dysphagia is then defined as an aggregate score greater than 12.
14 However, neither of these two questionnaires has been validated, and their accuracy remains in question despite their use in multiple studies.
14,19
Accurate knowledge of the adverse outcomes following ACDF is essential for both patients and surgeons. An analysis of the overall incidence of dysphagia after ACDF would be useful in educating patients and surgeons during the informed consent process and patient follow-up. We conducted a systematic literature review and meta-analysis to estimate the incidence of dysphagia following ACDF with plate fixation and to characterize significant differences in the rate of dysphagia associated with various graft materials, follow-up duration, and diagnostic criteria.
Methods

Study Search
We searched MEDLINE, Scopus, Web of Science, and Embase databases with the search algorithm: ("Anterior Cervical Discectomy (ACDF) and Fusion Complication(s)") OR (Anterior Cervical Discectomy and Fusion Complication (s) and Outcome(s)") OR (("Anterior" and "Cervical" and Discectomy") AND ("fusion" or "arthrodesis")). The search returned 7,780 citations (►Fig. 1). The search period ended November 10, 2014.
Inclusion and Exclusion Criteria
Only prospective cohort studies and randomized controlled trials (RCTs) were included in this meta-analysis because of their superior evidence level compared with that of retrospective cohort studies. 33 In particular, we felt that retrospective studies would more often underreport postoperative complications. Articles published prior to 1990 were excluded because anterior plate fixation became much more prevalent after 1990. 34 To create a more homogenous patient cohort, studies only involving the following procedures were excluded: anterior cervical diskectomy without graft fusion, ACDF without plate fixation, anterior cervical corpectomy and fusion, arthroplasty, and combined anterior-posterior surgeries. Control arms meeting eligibility criteria were included in the analysis. We imposed no restrictions on the publication status. Animal, in vitro, biomechanical, and nonEnglish studies were excluded. Studies using bone morphogenic protein-2 were excluded because it has been shown to increase complication rates and is not approved by the Food and Drug Administration for use in anterior cervical surgery. In fact, its use has plummeted since a 2008 Food and Drug Administration warning.
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Data Collection
Two reviewers (M.F.S., D.J.L.) independently conducted data extraction from the 14 included articles. The extracted data sets were compared to confirm accuracy. The level of evidence for each of the included articles was assessed using the Oxford Centre for Evidence-Based Medicine Level of Evidence 2 classification system. 33 From the eligible articles, we obtained the following information: study type, publication year, graft type, follow-up time, number of reported dysphagia events through final follow-up, total study population, number of ACDF surgical levels, definition of dysphagia, and classification system used to rate the severity of dysphagia. We extracted the number of dysphagia events reported in each study, regardless of the study's method of diagnosis or severity of dysphagia. If a study reported dysphagia at multiple follow-up visits, the dysphagia rate was recorded from the last time.
To assess the risk of bias for each study, two reviewers independently investigated the individual studies and utilized The Cochrane Collaboration's tool for assessing risk of bias. 36 Bias risk assessment was performed at the study level. Inconsistencies in bias risk assessment were reconciled through discussion.
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Statistical Analysis
We analyzed study data using a random-effects model with inverse variance weighting. The calculations for the metaanalysis and construction of forest plots were completed using an established spreadsheet constructed by Neyeloff et al. 37 The principal summary measures were the effect summary values and 95% confidence intervals (CIs). Because of the lack of consistent control groups across all included studies, we were unable to calculate relative risk ratios. We compared results among studies with 95% CIs and forest plots.
We completed meta-analysis calculations and constructed forest plots for all studies, including those with allograft or autograft and those with less than 12 months' follow-up, 12 to 24 months' follow-up, and greater than 24 months' follow-up. Additionally, we analyzed studies that used the Bazaz Dysphagia Score and no outlined criteria separately to identify differences in the rate of dysphagia identification. Three studies-Anderson et al, 1 Coric et al, 38 and Xie and Hurl- and utilizes a specific set of requirements to identify the presence and severity of dysphagia. 19 Bazaz et al evaluated patients via telephone at different follow-up periods after ACDF. 19 Patients were classified as having mild dysphagia if they stated upon questioning that they experienced rare events of difficulty swallowing with solids, but did not feel that this difficulty was a significant problem. Those with moderate dysphagia expressed occasional difficulty with swallowing only specific foods, and patients reporting frequent difficulty with a majority of solids were classified as having severe dysphagia. For all levels of dysphagia, there was either rare or no difficulty swallowing liquids.
19
To assess heterogeneity between individual studies, a Q statistic and I 2 value were calculated within each group's meta-analysis. Delong et al established an I 2 < 25% as low heterogeneity, 25 to 75% as moderate heterogeneity, and >75% as severe heterogeneity. These same values were used to assess heterogeneity in our meta-analysis.
40
Fig. 1 PRISMA (preferred reporting items for systematic reviews and meta-analyses) flow diagram for selection of studies based on inclusion criteria during systematic review.
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Results
Study Selection
The initial 7,780 retrieved citations were reviewed (►Fig. 1). After removing 4,627 duplicates, the titles and abstracts of 3,153 publications were screened. 41 At this stage, studies that did not mention ACDF and associated complications or that did not fulfill the inclusion criteria in any manner were excluded. After excluding 2,755 citations, the full text was assessed in the resulting 398 articles for eligibility criteria.
Full-text assessment resulted in 14 eligible articles included in the final analysis. The definition and classification system for dysphagia varied among the studies and in some studies was not specified (►Table 1).
Study Characteristics
Of the 14 studies evaluated in this review, the year of publication ranged from 2000 to 2015 (►Table 2). Eight of the included studies were RCTs, and six were prospective cohort studies. Cohorts ranged in size from 15 to 265 patients. Follow-up time ranged from 1.5 to 84 months. Seven studies performed single-level ACDF exclusively, and all other studies performed ACDF over a variable number of levels. Unfortunately, most studies did not report dysphagia events based on the specific level or total number of surgical levels. As a result, we were unable to perform a meta-analysis to correlate dysphagia rates with the anatomic or number of operated levels. Bias risk assessment of the included studies identified a marked difference between RCTs and prospective cohort studies, with no studies demonstrating a high risk of incomplete outcome data or selective reporting of outcomes.
Analysis of All Studies
The mean follow-up time across all 14 included studies in our review was 26.2 months (►Fig. 2). Across the combined interstudy population of 1,336 patients, studies reported developed dysphagia out of a total 787 interstudy combined patients. The meta-analysis produced a random effects overall rate of 7.9% (95% CI 7.0 to 8.7%). All studies contained the effect summary within their respective 95% CIs. The heterogeneity analysis identified moderate heterogeneity. 40 The absolute difference between the two fusion materials was 2.0%, but this difference was not statistically significant.
Follow-up Time < 12 Months
Three studies followed patients for less than 12 months (►Fig. 4). 12, 19, 48 The mean follow-up time for these studies was 4.5 months. Kepler et al followed patients for 1.5 months, the shortest time of all studies. 12 This study also reported the highest rate of dysphagia at 39.0%. 12 The calculated effect summary value was 19.9% (95% CI 6.0 to 33.7%). The heterogeneity analysis indicated moderate heterogeneity.
40
Fig . 2 Dysphagia rates, 95% confidence intervals (CIs), and forest plot for meta-analysis of all studies in our systematic review. Fig. 3 Dysphagia rates, 95% confidence intervals (CIs), and forest plots for meta-analysis of studies using autograft or allograft fusion.
Follow-up Time 12 to 24 Months
Seven studies reported a follow-up time between 12 and 24 months with a mean of 23.8 months (►Fig. 4). Six of the seven studies followed patients for 24 months, the most common follow-up length across all included studies. The meta-analysis calculations produced an effect summary of 7.0% (95% CI 5.2 to 8.7%). All studies produced 95% CIs that contained the effect summary value. Xie and Hurlbert reported the highest rate of dysphagia (13.3%) within this follow-up duration.
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Heterogeneity analysis resulted in low heterogeneity.
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Follow-up Time > 24 Months
A follow-up period of greater than 24 months was reported in four studies (►Fig. 4). 43, 44, 46, 49 The mean follow-up time was 46.7 months. The overall rate of dysphagia was 7.6% (95% CI 1.4 to 13.8%). Cheng et al reported a 16.7% rate of dysphagia, the highest in this group. 46 The longest follow-up time (84 months) was reported by Burkus et al, 49 who had a 9.8% rate of dysphagia.
No apparent heterogeneity was found upon analysis.
40
Dysphagia Definition or Classification Scheme
The Bazaz Dysphagia Score was utilized to define and classify dysphagia in three studies (►Fig. 5). 
18,19
No defined method was reported for the diagnosis of dysphagia in eight studies. [42] [43] [44] [45] [46] [47] [48] [49] The overall dysphagia rate for these studies was 6.9% (95% CI 3.7 to 10.0%). Only one study did not contain the effect summary value within its 95% CI. 43 The highest reported rate of dysphagia by any study without outlined criteria was 16.7% by Cheng et al. 46 There was no apparent heterogeneity among the included studies.
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Although there was a decrease in the rate of dysphagia identified with prolonged follow-up utilizing the Bazaz Dysphagia Score, no apparent correlation was found among studies with no specific dysphagia criteria. As well, despite Fig. 4 Dysphagia rates, 95% confidence intervals (CIs), and forest plots for meta-analysis of studies with follow-up of (a) less than 12 months, (b) 12 to 24 months, and (c) greater than 24 months.
Fig . 5 Dysphagia rates, 95% confidence intervals (CIs), and forest plots for meta-analysis of studies utilizing the Bazaz Dysphagia Score or no outlined criteria.
Global Spine Journal a 12.9% absolute difference in dysphagia rates between these two meta-analysis groups, this difference did not reach statistical significance.
Discussion
This study represents a comprehensive systematic literature review and meta-analysis of dysphagia rates associated with ACDF. The purpose of this study was to determine the rates of dysphagia associated with various factors. We analyzed the reported dysphagia rates and elucidated differences in the rate of dysphagia among distinct fusion materials, follow-up time, and classification systems.
Although the included studies did not separate dysphagia rates based on numbers of multilevel surgery, analysis of studies solely performing single-level ACDF resulted in an overall dysphagia rate of 6.5%. This rate was 2.0% less than the overall rate when all studies were included, but this difference was not statistically significant. Also, analysis of dysphagia rates reported by prospective cohort studies and RCTs did not demonstrate any statistical significance (data not shown). There was a 3.1% increase in dysphagia for prospective cohort studies compared with RCTs, but this difference was most likely due to the increased use of the Bazaz Dysphagia Score, a strong confounding factor.
Dysphagia Definition or Classification Scheme
Three studies-Kepler et al, 12 McAfee et al, 18 and Bazaz et al
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-utilized the Bazaz Dysphagia Score for the identification of dysphagia. There was a large difference in the rate of dysphagia between studies using the Bazaz Dysphagia Score and those studies with no outlined dysphagia criteria or definition (►Fig. 5). There was a 12.9% increase in dysphagia identification using the Bazaz Dysphagia Score. Additionally, there was a progressive decrease in the rate of dysphagia with longer follow-up among studies utilizing the Bazaz Dysphagia Score. Studies with no specific criteria did not elicit this same trend. Therefore, our review has identified an important difference in reported dysphagia rates that accompanies a lack of specific criteria. None of the studies defined dysphagia by objective assessment of swallowing ability, video fluoroscopy, or manometry. 30 Objective assessments alone might produce a different rate of postoperative dysphagia. Kepler et al found no correlation between the amount of anterior soft tissue swelling on cervical radiographs at any anatomical level and the rate of dysphagia. 12 In our review, the most common standardized method for reporting dysphagia was the Bazaz Dysphagia Score. Because there is currently large heterogeneity among surgeons in recognizing dysphagia, further studies are needed to compare dysphagia rates using various methods of identification. This study also highlights the need to establish a standardized and validated classification system for the identification of dysphagia.
Allograft versus Autograft Fusion
In our review, studies that performed ACDF with autograft fusion produced an overall dysphagia rate of 9.9%, whereas the use of allograft fusion resulted in a rate of 7.9%, but this 2.0% absolute difference was not significant. 
Follow-up Time
The studies included in our review were assigned to one of three meta-analysis groups based on length of follow-up time: less than 12 months, 12 to 24 months, or greater than 24 months. These groups produced dysphagia rates of 19.9, 7.0, and 7.6%, respectively. This data indicates that there is a higher rate of dysphagia diagnosed and reported during the first year following ACDF, which reduces significantly in the second year and plateaus in subsequent years. Thus, a portion of dysphagia identified in the postoperative period appears to be transient, although some patients continue to show symptoms for extended periods. In the study by Rihn et al, 3 which was excluded from our meta-analysis, 71% of patients presented with dysphagia at 2 weeks of follow-up. However, by weeks 6 and 7, only 26 and 8% of patients, respectively, still presented with some degree of dysphagia. Bazaz et al reported a similar pattern of postoperative dysphagia. 19 In their study, 47.3% of patients reported dysphagia at 1 month following surgery, but by months 2 and 6, only 30.8 and 20.2% of patients still reported dysphagia, respectively. 19 The rates of permanent dysphagia after ACDF need to be further studied and defined based on time-dependent progression of symptoms during the postoperative period.
Limitations
Most abstracts and studies screened for dysphagia rates in this review were retrospective case series, which limited the number of studies we were able to include based on our criteria. As a result, a small number of studies were included, which restricted our ability to compare the surgical techniques. Because of this limitation and the concomitant lack of studies with a consistent control group, we were unable to calculate the relative risk values for various factors impacting the development of dysphagia. In addition, although stratification of dysphagia rates by age, cervical levels, number of surgical levels, and extent of retraction would decrease heterogeneity among studies and reveal inherent differences associated with these factors, the primary literature is varied and does not routinely discuss surgical levels in reporting complications. Because of inconsistent reporting, we were unable to analyze the rate of dysphagia associated with these factors. Finally, this meta-analysis solely investigated the dysphagia rates for ACDF with plate fixation. Further research should be performed to explore dysphagia rates across all forms of anterior cervical surgery, allowing for comparative effectiveness investigation.
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Conclusions
The resultant dysphagia rates from this systematic review and meta-analysis represent a comprehensive estimation of the actual incidence of dysphagia following cervical diskectomy with plating across a heterogeneous group of surgeons, patients, and techniques. Dysphagia rates decreased drastically between follow-up times of less than 12 months (19.9%) and 12 to 24 months (7.0%), and then stabilized with further follow-up. Additionally, a higher proportion of dysphagia was reported in studies utilizing the Bazaz Dysphagia Score relative to studies with no specified definition. There was no difference in dysphagia rate with the use of autograft versus allograft. To ensure the proper diagnosis of dysphagia, we recommend surgeons use a standardized system for dysphagia identification in the postoperative period. Our investigation should serve as a framework for individual surgeons to understand the impact of various surgical techniques and diagnostic criteria on the rate of dysphagia in their patient populations and permit a more accurate preoperative discussion with patients. 
